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The present paper discusses types of management uncertainty exemplified by the case 
study of a project of building a multifunctional harbor transshipping center. The analysis 
is based on the ideas and works of I. Fischer. The paper shows that the role of project 
management actors substantially influences risks and that change of the actor’s role leads 
to minimization of risks and elimination of uncertainty about project realization time. 
To analyze project risks the authors develop a complex model of risk assessment based 
on analysis of probability and impact level of undesired events. Probability of undesired 
events is presented as a matrix of risk ranks and a tool for analyzing project risks based 
on the matrix of risk ranks and FMEA analysis is developed. 
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1. Introduction 


Nowadays the flow of container and rolling cargo in the Europe-Russian route of 
the Baltic sea region amounts up to 70% of Russian total volume of cargo trans- 
portation of this category. Russian ports handle only 27% of rolling cargo and 
69% of container cargo; the rest are transported to the Russian Federation through 
neighboring states. 

Building of multifunctional harbor transshipment complex (MHTC) “Bronka” 
in the Leningradskaya region as a part of a rolling cargo terminal capable of handling 
260,000 units a year as well as building of a logistic center of supplementary services 
related to the handling of 90,000 units of cargo and 110,000 TEU a year and a 
container terminal with handling capacity of 1.9mio. TEU a year will allow reducing 
capacity shortage of Russian ports at the Baltic sea and meeting the demand for 
handling rolling and container cargo. 

The project MHTC “Bronka” is in the situation of high uncertainty at present 
what results in the inability to forecast the results of the building. I. Fisher discusses 
several types of uncertainty in his work: 


— objective uncertainty (shallowing of water area in our case); 

— uncertainty related to the lack of sufficient relevant information (epistemic 
uncertainty); 

— strategic uncertainty related to the dependence on the actions of other individ- 
uals (partners, competitors, state); 

— uncertainty related to weakly structured problems (low quality of standardiza- 
tion); 

— uncertainty related to the vagueness of phenomena and processes as well as of 
information describing them. 


Uncertainty factors influencing the building process: external (weather condi- 
tions, interaction with government agencies, banks not able to meet financial obliga- 


tions); internal (staff conflicts, equipment failures, resource provision failures) 13:47 


2. Methods 


There are a lot of risk management approaches and methods, however, the problems 
of standardization influence on uncertainty and risks level as well as reduction of 
project realization terms have not been discussed yet. Using failure mode and effects 
analysis (FMEA) procedure (Table 1) we were able to find out nonconformities, 
their causes and effects.!° 

However, we should consider mutual influence of the problems. If we analyze 
mutual influence of potential nonconformities, we find out that climate change 
is a key problem determining project terms as well as amount of funding (Fig. 1). 
Considering this, we should change the model for calculation of risk priority number 
in our FMEA procedure to take into account such influence.?:6® 
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Fig. 1. Mutual influence of potential nonconformities. 


3. Suggested Changes in the FMEA Model 


Figure 2 shows formulas for calculation of risk priority number (SOD) and for cal- 
culation of boundary value of SOD. Suggested improvements will allow developing 
corrective and preventive actions aimed not only at reducing not only the sever- 
ity of a nonconformity with significant values of SOD but also at the frequency 
of dependent nonconformities.? 19 Development of the so-called “simple knowledge 
database” for further creation of expert systems of data storage in an organization 
which will help personnel with less experience to find a description of a problem 
solution. 

We shall give an example of SOD calculation (priority risk number) further. 
Figure 2 is of a generalized character; therefore, we should exemplify the use of the 
suggested method for an FMEA procedure. 


3.1. Nonconformities analysis 


In most cases, SOD is calculated using the following equation. 
SOD = max(Sj --- S;) -O-max(D;---D;). 


Let us consider the analysis of the potential nonconformity “Project commissioning 
delay”. 

To calculate SOD for the nonconformity “Project commissioning delay” 
(Table 1) we need to define the following values. 

For index S we choose the value of 10 since it is the maximum value out of three 
values in the column “effect of a potential nonconformity”. We explain that choice 
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Fig. 2. Calculation of priority risk number. 


Note: 5 — seriousness of effect; O — estimation of nonconformity frequency; D — nonconformity 
detection probability; dep. noncon.; dep. c.; dep. eff. - dependent nonconformity; dependent cause; 
dependent effect. in. noncon.;in.c.; in. ef. - independent nonconformity, independent cause and 
independent effect; SOD - priority risk number lim. - limit value which cannot be exceeded; sim. 
noncon.; sim. c.; sim.ef. - simultaneous (two or more) nonconformity; simultaneous causes or 
simultaneous effects. sim. ev. - simultaneous event (two or more nonconformities, causes or effects 
are simultaneous); dep. ev. - dependent event (nonconformity, cause or effect). m - coefficient 
considering resource limitation for elimination of two undesired events (default value is 2). 


by the fact that it is necessary to consider the worst scenario during risk calcula- 
tion (FMEA methodology), therefore we consider the most undesirable effects of a 
potential nonconformity (Table 1). 

For index O we choose the only value indicated in Table 1, it is 2. It should be 
noted that these values are determined by experts who are familiar with the project 
under consideration. Index O informs that nonconformity “Project commissioning 
delay” takes place quite rarely. 
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Since the values of index D in Table 1 are related to effects, we choose the 
maximum value of index D (which is 4) considering the fact that the nonconformity 
“Project commissioning delay” can lead to any of three effects. 

As a result, we obtain the priority risk number as follows: 


SOD = 10-2-4= 40. 


For such cases, the boundary priority risk number is 125. Therefore, we can say 
that the risk related to this nonconformity is not high because 40 < 125. 


3.2. Analysis based on dependent nonconformities 


We know that the probability of the nonconformity “Termination of project fund- 
ing” is substantially higher if the nonconformity “Project commissioning delay” 
also occurs. Thus, we need to change the risk calculation procedure for dependent 
nonconformities. 

We suggest two equations for calculation of such risks. 

SODs™ noncon. = minse( Goer mone a Cees ee base Sienencan:) 


CO in-noncon. COdep-noncon. 


10 


in.noncon., dep.noncon. 
-max(D ;D ) 


or 
sim.noncon. dep.noncon. 
SOD = SODin-noncon. + SOD P 


To calculate SOD according to these equations, we shall consider the data obtained 
from experts who determine the changes for S (seriousness of effects), O (frequency 
of events) and D (possibility of detection) for the nonconformity “Termination 
of project funding” for the case when the nonconformity “Project commissioning 
delay” occurs. Our experts found out that the value for S did not change, the value 
for O increased from 2 to 5 (Table 1) and the value for D did not change. 

To determine S$, we choose from the maximum values for “Penal sanctions” 
(S = 5), “Deterioration of international situation” (S = 10), “Rating downgrade 
of the Russian Federation” (S = 10), “Stop of the building process” (S = 10), 
“Deterioration of the regional economic situation” (S = 8), “Intensification of the 
crisis situation in the country” (S = 10). Choosing the maximum value, we obtain 
S equal to 10. 

By O index calculation, we shall consider that index O will be 5 for “Termination 
of project funding” 

The calculation 


Cin-noncon. COdep-noncon. 


10 
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Will be as follows 
2-5 
—=l1. 
10 
Next, we shall choose the value for index D. To do that, we determine the maximum 
of “Uncertainty reduction” (D = 1), “Scientists involvement” (D = 3), “Consider- 
ation of similar projects experience” (D = 4), “Finding new investors” (D = 2), 
“Involvement of Russian specialists (workers)” (D = 1), “Import substitution of 
materials and equipment” (D = 1). As we can see, the maximum is 4. 
Then 
SQDsim-noncon. =10- 2-5 .4=40 
10 
But the boundary value for the risklevel, for which dependent events are con- 
sidered, is not 125 but 62.5. It can be explained by the fact that more resources are 
required to control damage of two dependent events. 
Calculation using the equation 


SOD Boncon. = SOD n noncon. + SOD tP-noncon. 


will be simpler but more exact. SODin noncon, in our example 40. That is a simple 
calculation for “Project commissioning delay”. To determine SOD“P"°"°™ we shall 
take into account that we changed the value of O index for “Termination of project 
funding” (it is 5, and not 2). Then, 


SOD teP-noncon. —10-5-2=100. 


The first figure is 10 because we chose the maximum for “Stop of the building 
process” (S = 10), “Deterioration of the regional economic situation” (S = 8) 


o] 


Table 2. Subjects and roles of project participants. 


Subjects - Participants’ Examples of criteria for Examples if criteria 
project roles refusing participation in for project promotion 
participants the project 

Government Control Change of governmental Absent due to exclusively 

priorities control function 

International Investment Changes in legislation, Tax reduction or prolongation, 
investors sanctions, currency rate potential profit increase 

Russian Investment Changes in legislation, Tax reduction or prolongation, 
investors sanctions, currency rate potential profit increase 

Expert Consulting Lack of information about Possibility of obtaining new 
community construction object scientific results, provision of a 
(scientists) project with innovative 

methods and technologies 

Organization - Executive Lack of investments Coordination of investments with 
leading the program and terms, 
contractor support of the government and 

local authorities 

Outsourcers Assisting Lack of investments Coordination of investments 


with the program and terms 
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“Intensification of the crisis situation in the country” (‘5 = 10). The second value is 
5 because our experts determined that the value of O index change from 2 to 5 for 
“Termination of project funding” in case of project commissioning delay. The third 
value is 2 because we chose the maximum of “Finding new investors” (D = 2), 
“Involvement of Russian specialists (workers)” (D =1), “Import substitution of 
materials and equipment” (D = 1). 

As a result, SOD"™P0"-"- = 40 + 100 = 140. The boundary value is 125 plus 
62.5 and is equal to 187.5. 

For practical calculations, any suggested method can be used. They allow tak- 
ing into account the mutual influence of two undesirable events. Calculations for 
“According to causes” and “According to effects” (Table 2) can be carried out 
analogically. 


4. Analysis of Influence of a Subject Role on the 
Project Outcomes 


Key characteristics of any project are its terms and implementation quality. Accord- 
ing to quality management principles, control function belonging to the government 
increases project cost without influencing its value. Moreover, such role does not 
imply the responsibility for implementation terms what is the key reason for project 
implementation delay as well as for the fact that major projects are not implemented 
without governmental investments. We can conclude that it is necessary to consider 
roles of project participants and to change them if needed in order to implement a 
project adequately. In the discussed project, the government plays a control as well 
as an investment role. In this case, authorities responsible for funding the project 
of multifunctional harbor transshipment complex are interested in project imple- 
mentation. That allowed finding governmental support in employing best experts 
and in using optimal technologies. 


5. Standardization Influence on the Project Outcomes 


Reconsideration of role functions influences project implementation terms. Obvi- 
ously, refusing the control function is inappropriate; it is realized through legiti- 
mation of areas of responsibility and through involving independent experts. If a 
project is scientific-technical, implemented for the first time and requires involve- 
ment of the global scientific community to solve related problems (in our case this 
is water environment problem), speed of technological decision-making will depend 
not only on participants’ roles, but also on standardization level. We mean that 
any standard answers the question “how to do?” i.e., standards are focused on pro- 
viding procedures for activities, but they do not answer the question “why to do 
so?”. However, scientific-technological projects require changes in calculation meth- 
ods and performance assurance. It is found out that understanding the reasons for 
norms reduces the time for innovations implementation by 30% in average what is 
very important for projects. 
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Development of approaches to storing such information or, in terms of ISO 9000, 
management of such information is an important and actual task at present. 

Models for requirements integration based on the theory of sets. When devel- 
oping regulatory documents for an organization we deal with norm interaction in 
cases, when integration of several requirements of international standards, other 
regulatory documents or customer requirements is necessary. We represent such 
norm integration using the theory of sets (including fuzzy sets) (Table 3). 

We can conclude from this illustration that there are four types of norm inter- 
action in the process of integration: fusion, crossing, addition and negation. If norm 
interaction tend to be of an addition or negation types, norm integration is not 
required or impossible, respectively. Negation often takes place in the interaction 
of requirements of different countries as our example shows. This situation can be 
exemplified by the case of norm inconsistency for airstairs installation. In prac- 
tice, the personnel of standardization departments are forced to “inherit” all norm 
conflicts into the documents of the next generation.1° !8 Such situation results in 
100% violation of requirements of a regulatory document. Solution of such conflicts 
is possible only if we know the reasons for norm introduction.1* !” When the rea- 
sons for norm introduction are known, it will be possible to determine priorities 
and situations (areas of application) for using one or other norm. 

Model of norm interaction and development. When we discuss norm inheritance, 
we can draw an analogy of this process with the process of gene inheritance in 
biology. Development and implementation of new norms is always connected to 
the efforts to manage some chaotic situation as well as to optional (reasoned) or 


18.19 i @., introduction 


nonoptional (not reasoned) new state of system equilibrium, 
of a new norm changes work relations. To apply the models we need to define the 
following notions. Norm emergence is a standardization process of a new activity 
or a new product. Norm progress is development and distribution of a norm, its 
adjustment to other requirements. Norm regress is reduction of the area of norm 
application or its transformation to optional requirements. Norm competition is 
a situation when several requirements are in conflict (“mutual negation”). Norm 
homoeostasis is an equilibria interaction with other requirements. 

Let k(S) be a coefficient of entropy production in a system, L;(S,n) — function 
of system reaction to a problem, k2(S,n) — function showing a reaction to a new 


Table 3. Analysis of norm interaction. 


Types of norm interaction Illustration Formula 


Integration If A={1,2,4}, B={3,4,5,6}, AU B={1,2,3,4,5,6} C=AUB 
Intersection If A={1,2,4}, B={3,4,5,2}, AM B={2,4} C=AUB 
Addition A={1,2,4}, B={1,2,4} A=B 
B=A 
Negation If A={1,2}, B={3,4,5} AAB 
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norm introduction, L2(n) — coefficient of norm amortization. Dependence L;(S, 7) 
on n is related to the fact that the rate of entropy reduction depends nonlinearly 
on inheritance due to the limits of system resources and therefore its inheritance. 
If inheritance increases entropy reduction rate decreases, but it cannot be negative. 
We suggest to consider the rate k2(S,n) as inheritance-dependent since inheritance 
rate increase depends not only on the problems in a system, but also on inheritance 
level. These functions are continuous and situated on the positive semi-axis n, 
S > 0. Let us consider the following model: 


dS/dt = ky (S)S — L1(S,n)n, 
dn/dt = k2(S,n)S — Lo(n)n. 
We shall describe this model in a number of assumptions. 


(1) Inheritance is a result of system functioning in the process of solving production 
problems. The coefficient of inheritance increase k2(S,n) depends on entropy 
and inheritance which a system possess. Inheritance decreases due to regress 
and competition. Rate of decrease is proportional to inheritance amount with 
the coefficient L2(n) depending only on inheritance. 

(2) Entropy production is equal to the rate of production problems emergence with 
production rate k;(.S') dependent only on entropy. Entropy decrease is provided 
by solving the problems with a certain coefficient dependent on chaos and 
inheritance levels of the system Ly(S,7). 

(3) For the states of emergence and progress partial derivative function describ- 
ing reactions at intervention satisfy inequalities dk2/dS > 0,k2(0,n) <0 < 
kg (oo, n) because zero level of entropy implies absence of problems and therefore 
inheritance is stable or decreases. The rate of inheritance production increases 
with increase of entropy and changes from negative (when there was no inher- 
itance at the moment of norm emergence) to positive values. For the state of 
competition L1(S,n) <0 when S > 0, n > 0; £1(0,n) = 0 and L,(S,0) = 0. 
For the state of regress the function of reaction L1($,n) > 0 when S > 0. For 
the state of homoeostasis L1(S,n) = 0. 


If we see at solution of the models, we can conclude that after some period a 
system will collapse but will retain a certain part of inheritance. That means that 
a certain part of developed norms will be inherited by a new production system 
after collapse of an old system.??:?! For example, a norm can transform from a 
technological norm to a corporative norm. 

Methods for assessment of norm integration possibility. It can be seen that norm 
integration is a complex task requiring a large amount of preparation work. Let us 
demonstrate an algorithm for normative requirements integration (Fig. 3). 

Forming of a metalanguage includes assessment of term databases of two doc- 
uments and development of a unified glossary which will be clear for a production 
system. Development of statistic linguistic system aims at creation of standards 
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Selection and comparison Forming of a 
of key requirements metalanguage or an 
object language 


’ 


Frequency analysis of key Development of 
requirements statistic linguistic 
models 


. 


Intersections and Integration possibility 
negations assessment assessment 


Selection of 
solutions 


Norm integration in Simultaneous 
conditions of intersection implementation is not 
and fusion possible 
v 
Solution of conflicts related to norm negation is carried out using analysis 
of their development reasons and application situations. 


Fig. 3. Algorithm for normative requirements integration. 


in a digital form when each requirement corresponds to a number which reflects 
the importance of a requirement. The described model allows assessing priorities of 
standards to be integrated (Fig. 3). 

Unfortunately, we should note that not all standards can be integrated. There 
are situations when simultaneous application of different requirements is not pos- 
sible. Frequently it is connected with conflicts of assessment methods, for example 
calculation of strength or other types of calculation. 


6. Conclusion 


In the process of project realization, attention is always paid to its quality and speed 
of implementation. To meet the requirements of these parameters it is necessary 
to improve procedures of uncertainty and risk analysis as well as standardization 
principles. When applying FMEA method we should consider mutual influence 
of problems what changes the methods for priority risk number calculation sub- 
stantially. The roles of project subjects influence its implementation, especially in 
control procedures. If in the process of project implementation it is necessary to 
change established technical norms, one should analyze reasons for norm devel- 
opment and areas of its application, but the problem of modern standardization 
is in the fact that it answers the question “how to do?” rather than the ques- 
tion “why to do so?”. That means that there is no practice of storing information 
about reasons of norm development. For detailed analysis of integration, possibility 
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development of statistic linguistic model of normative documents is necessary. Mod- 


eling of norm interaction and development shows that there is a certain process of 


norm inheritance by different production systems, so a norm can transform into a 
tradition. 


References 


1. 


10. 


1. 


12. 


13. 


14. 


15. 


16. 


H. W. Adams, Das Richtigerichtigtun. QZ-Qualitat und Zuverldssigkeit, Vol. 7 (Carl 
HanserVerlag, Miinchen, 2005), pp. 32-33. 


. Y. Akao, QFD — Quality Function Deployment (VerlagModernelIndustrie, Landsberg 


am Lesch, 1992). 

A. J. Breiing and A. M. Kunz, Critical consideration and improvement of the FMEA, 
in Proc. TMCE 2002, Wuhan, China, April 2002. 

C. Eckert, P. J. Clarkson and W. Zanker, Change and customisation in complex engi- 
neering domains. Research in Engineering Design, Vol. 15 (Springer Verlag, London, 
2004). 

U. Pulm, EinesystemtheoretischeBetrachtung der Produktentwicklung, Dissertation, 
TU Miinchen (2004). 

J. Clarkson and C. Eckert, Design Process Improvement — A Review of Current 
Practice (Springer Verlag, London, 2005). 

A. Riviere, F. Féru and M. Tollenaere, Controlling product related engineering 
changes in the aircraft industry, in Proc. 14th Int. Conf. Engineering Design, ICED 
708, DS 31, Stockholm, 2003, Paper No. 1230 (Full Paper, CD-Rom, The Design 
Society & The Royal Institute of Technology, Stockholm). 

T. Deubel, C. Zenner, H. Bley and C. Weber, Adaptation of a new design method for 
the requirement-driven planning of manufacturing systems, The 16th CIRP Interna- 
tional Design Seminar: Design & Innovation for a Sustainable Society, Kananaskis 
(Canada), June 2006, Paper No. 10061, eds. P. Gu, D. Xue, A. Ramirez Serrano, 
S. Park and D. Fletcher, p. 534. 

T. Deubel, M. Steinbach and C. Weber, Requirement- and cost-driven product devel- 
opment process, in Proc. 15th Int. Conf. Engineering Design, ICED ’05), DS 35, 
Melbourne (2005) (Executive Summary), (CDRom, The Design Society), pp. 166— 
167. 

C. Weber, CPM/PDD — An extended theoretical approach to modelling products 
and products development processes, in Proc. 2nd German-Israeli Symp. Advances in 
Methods and Systems for Development of Products and Processes, TU Berlin (2005) 
(Fraunhofer-IRB-Verlag, Stuttgart), pp. 159-179. 

M. Doyle, From change novice to change expert: Issues of learning, development and 
support, Personnel Rev. 31(4) (2002) 465-481. 

D. Dunphy and D. Stace, The strategic management of corporate change, Hum. Relat. 
46(8) (1993) 905-918. 

T. Grundy, Managing Strategic Change (Kogan Page, London, 1993), p. 427. 

C. Tribble, Genres, keywords, teaching: Towards a pedagogic account of the language 
of project proposals, in Rethinking Language Pedagogy from a Corpus Perspective 
(Peter Lang, Frankfurt, 2002), p. 367. 

S. Karapetrovic, Strategies for the integration of management systems and standards, 
The TQM Magazine (2002), pp. 61-67. 

J. C. Oliveira Matias and D. A. Coelho, The integration of the standards systems of 
quality management, environmental management and occupational health and safety 
management, Int. J. Prod. Res. 40(15) (2002) 3857-3866. 


1640011-12 


Int. J. Rel. Qual. Saf. Eng. 2016.23. Downloaded from www.worldscientific.com 
by UNIVERSITY OF NEW ENGLAND on 07/02/17. For personal use only. 


Consideration of Uncertainties and Risks in the Building Process of MHTC 


17. S. Karapetrovic and J. Jonker, Integration of standardized management systems: 
Searching for a recipe and ingredients, Total Qual. Manag. Business Excellence 14(4) 
(2003) 451-459. 

18. G. Wilkinson and B. G. Dale, Models of management system standards: A review of 
the integration issues, Int. J. Manag. Rev. 1(3) (1999) 279-298. 

19. S. Kuznetsov, Simulation of the interaction of entropy and heritage ethnicity, Int. 
Res. J. 11(30) (2014) 111-115. 

20. Y. Klochkov, A. Gazizulina and N. Golovin, Assessment of organization development 
speed based on the analysis of standards efficiency, 2nd International Symposium on 
Stochastic Models in Reliability Engineering, Life Science, and Operations Manage- 
ment, Vol. 7433168 (2016), pp. 530-532. 

21. Y.Klochkov, A. Its and I. Vasilieva, Development of FMEA method with the purpose 
of quality abebment of can stock production, 4th International Science and Technical 
Conference Metal Physics, Mechanics of Material and Deformation Processes, MET- 
ALDEFORM 2015, Vol. 684, Russian Federation, Samara (2016), pp. 473-476. 


About the Authors 


Klochkov Yury is currently working as Professor, Doctor of Technical Sciences, 
professor emeritus at the University of Amity and is one of the leading professionals 
in the field of quality management in Russia. 


Klochkova Elena is currently working as an Associate professor, candidate of philo- 
logical sciences, scientific interests of Germanic languages and analysis of scientific 
text in the Department for linguistics and intercultural communication, Peter the 
Great St. Petersburg Polytechnic University, St. Petersburg, Russia. 


Vasilieva Irina is a PhD student Samara Aerospace University and a specialist in 
the analysis of standards and their integration. 


Gabitova Lera is a PhD student Peter the Great St. Petersburg Polytechnic Uni- 
versity, an expert in the field of monitoring research and risk analysis of quality 
management systems. 


Dementiev Sergey is a PhD student Samara Aerospace University, a specialist in 
the field of complex control systems. 


1640011-13 


